Aqueous-phase reforming of methanol (APRM) represents an important reaction to produce hydrogen for lowtemperature polymer electrode membrane (PEM) hydrogen fuel cells. An ideal catalyst for APRM should show high activity toward H 2 production with minimum amount of carbon monoxide (CO), which is a poison for PEM fuel cells. Catalysts containing platinum group metal (PGM) nanoparticles are typically required for the APRM reaction. In a recent paper, Ma and coworkers reported a breakthrough discovery by using atomically dispersed platinum over a molybdenum carbide (Pt/α-MoC) substrate, which showed enhanced activity and selectivity for H 2 production [1]. Based on detailed experimental characterization and density functional theory (DFT) calculations, Ma et al. identified that the enhanced catalytic properties of Pt/α-MoC were related to the electronic modification of Pt by the α-MoC substrate.
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The excellent results by Ma et al. highlight the importance of utilizing transition metal carbide (TMC) in catalysis. The catalytic properties of TMC materials were explored by Boudart and Levy over four decades ago [2] . Further experimental and theoretical investigations revealed that TMCs, as well as a closely related class of materials, transition metal nitrides, often showed catalytic properties that were characteristic of the expensive PGM catalysts [3, 4] . More recent efforts have focused on supporting atomically dispersed monolayer (ML) PGM over a TMC substrate [5] . As clearly demonstrated by Ma et al. [1] , TMC-supported ML PGM catalysts offer several advantages over the conventional PMG nanoparticles: (i) the utilization of a ML instead of nanoparticles potentially represents a significant reduction in the amount of PGM; (ii) the electronic interaction between the PGM overlayer and the TMC substrate allows the tuning of the electronic and consequently catalytic properties; and (iii) the strong bonding between PGM and TMC keeps the metal overlayer atomically dispersed instead of undergoing agglomeration, therefore enhancing the stability of the catalysts.
The advantageous properties of TMC-supported ML PGM catalysts make them promising materials in both thermocatalysis and electrocatalysis. Advances in these applications would require coordinated efforts in controlled synthesis of atomically dispersed PGM overlayer, in-situ characterization under reaction conditions and DFT calculations of the origin for the enhancement of catalytic properties. One of the main challenges is to identify key descriptors for a particular catalytic reaction. For example, TMC-supported ML metal electrocatalysts have been investigated for the hydrogen evolution reaction (HER). As shown in Fig. 1 , the key descriptor for this reaction is the hydrogen binding energy (HBE), which is correlated with the HER activity (exchange current density) in a volcano relationship. Such correlation in turn allows one to use this descriptor to design and identify additional TMCsupported ML catalysts for the HER reaction.
In summary, as demonstrated by Ma et al., TMC-supported ML PGM catalysts offer significant catalytic advantages in terms of higher activity and reduced PGM loading. These advantages can be potentially realized in a wide
